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Evolution characteristics and attribution analysis of runoff and
sediment in Taohe River Basin

Zhong Fujie, Wang Yusen, Wang Dong, Cao Jie
(Lintao Hydrological and Water Resources Survey Center of Gansu Province, Lintao, Gansu 730500, China)

Abstract: [Objective] This study aims to analyze the trends and causes of runoff and sediment changes and to
explore the relationship curves between runoff and sediment changes, thereby providing support for understanding
the mechanisms of runoff and sediment changes and promoting the high-quality development in the Yellow River
Basin. [ Methods] Based on the data of monthly runoff and sediment discharge from 1956 to 2023, the M-K test,
Budyko equation, and cumulative slope change rate comparison method were used to analyze the trends of annual
sediment discharge and annual runoff, identify abrupt change years, construct the runoff-sediment relationship
curves, and quantify the causes of runoff and sediment changes. [ Results] (1) The annual runoff and sediment
discharge from 1956 to 2023 in the Taohe River Basin showed a significant declining trend. Among them, the
Hongqi hydrological station had the largest decline rate of the annual runoff and sediment discharge, which were
—2.48X 10" m*/a and —4.668X10° t/a, respectively. The Minxian hydrological station had the smallest decline
rates of annual runoff and sediment discharge, which were —1.91X10" m*/a and —3.38X 10" t/a, respectively.
(2) The annual runoff and sediment discharge of each hydrological station underwent abrupt changes in the Taohe

River Basin from 1956 to 2023. Among them, the abrupt change years of annual runoff and sediment discharge at
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Hongqi hydrological station were 1987 and 2003, respectively. (3) The runoff-sediment relationship curves of

different hydrological stations in the Taohe River Basin from 1956 to 2023 showed a power function. (4) The

contribution rates of climate change and human activities to runoff reduction in the Taohe River Basin were

42.54% and 57.47% , respectively. The contribution rates of climate change and human activities to sediment

discharge reduction in the Taohe River Basin were 8.53% and 91.47% , respectively. [ Conclusion] The runoff

and sediment discharge in the Taohe River Basin showed significant decreasing trends, with the impact of human

activities on them accounting for over 50%. Human activities were the main influencing factors of runoff and

sediment reduction in the Taohe River Basin.

Keywords: runoff; sediment discharge; Budyko equation; cumulative slope change rate comparison method;
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Fig. 2 Variation trends of runoff and sediment changes at different hydrological

stations along main stream of Taohe River Basin (1956—2023)
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Fig. 6 Variation trends of meteorological elements based on abrupt change years in Taohe River Basin
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Table 4 Land use transfer matrix of Taohe River Basin

(1980—2020)
- i il 1980 4 2020 4F:
KA mR/km® WB/% WB/km® HB/ %
i 3454 13.76 3174 12.68
Ay 5850 23.31 5953 23.78
HE 14639 58.34 14679 58.64
KK 133 0.53 148 0.59
Bl S 228 0.91 354 1.41
RA L 790 3.15 726 2.90
4 &5

(1) 1956—2023 4F Pk ] i K 10 24 52 F Rt
Horp, 20K Sl K Vb AR A R S R R, kR 4 R
T 7K S i S R R L K SOl 26 B Pk i ek E L i
F R KU B S R

(2) 1956—2023 4F PRI i duli 2% /K SO ARAR I VA4
Vi R A T RAR . ZLOR Sl AR SN AR St A B
JK SC ki AR AR AL B A SR N ) 3531 S 1987 4F (1986 4F il
19814F . £LRE /K ST ARG 7K SCl R L 7K ST 4F 4y
b LY AR )43 312 2003 4F 2004 4 #1999 4F

(3) P 3t d2k A% 7K SC ik 47 iy v R RIAR AR U 2
I FA7E B R R RO R . HARRm VD R AR R
IRV KR MR A T R0

(4) N3k By 2 Wk 10 3t AR AR A R AT i v 78
(AU ER S
S % Uk (References) :

(1] XUede, £, 38 RE s m KBk I s BDIR 5 ARk

[T]. KR4, 2024 ,55(10) : 1135-1145.

Liu X Y, Wang P, Dang S Z. Variations in water and

sediment of the Yellow River: historical perspectives,

current status, and future outlook[J]. Journal of Hydrau-
lic Engineering, 2024,55(10):1135-1145.

(2] W, R 5 B it 36 B 5 W w0 PR LT ] KR 524, 2019,
50(11):1291-1298.



513

A S A5 < Wi AL B K U i AR AR AR K A R 43 A 53

[3]

[4]

[6]

[7]

(8]

[9]

Wang H, Zhao Y. Preliminary study on harnessing strate-
gies for Yellow River in the new period [J]. Journal of
Hydraulic Engineering, 2019,50(11):1291-1298.
BREAE, &R R, mZ ], A5 | i B g K S0
A5G R B AL [T ] K R KB TR A4, 2019
(5):36-43.

Guan X X, JinJ L, Huang A M, et al. Typical hydro-
meteorological changes and runoff process simulation in
Yellow River basin[J]. Hydro-Science and Engineering,
2019(5):36-43.

USRI BRI A R PR K SRS B SR
TAK BHRSHLEI[T]. vk R, 2024,46(4) : 1329-1340.
Yuan T G, Zhang Y, Qian J K, et al. Hydrometeorologi-
cal dynamics and driving mechanism of runoff and water
quality in the Taohe River basin, Gansu Province [J].
Journal of Glaciology and Geocryology, 2024, 46 (4) :
1329-1340.

FIRR ARG AR H N B R K Y B 3 H
R # [ T] K BEIRAR P, 2025,41(1) 1 131-139.

Wang Y F, Wu L, Yang Z Y, et al. Runoff and sedi-
ment dynamics and attribution analysis in the Yellow
River Basin of Gansu Province[ J]. Water Resources Pro-
tection, 2025,41(1):131-139.

AN 55 - & S| TSRS Y S B b TR ]
T B W R ok g 9 56 2R [T K AR5 W5, 2023, 30(4) -
90-97,109.

MaY L, NiuZ R, Zhang R, et al. Relationship between
the evolution of runoff and sediment and rainfall and rain-
fall erosivity in the Taohe River Basin [J]. Research of
Soil and Water Conservation, 2023,30(4):90-97,109.
VN, A e, EOCE S BRRORE Y I R AR T A
TS BT R H OGRS DABR I sl ] [T ] K 3R S
K TR ,2023,34(1) : 58-65.

Ma Y L, Niu Z R, Wang X F, et al. Spatio-temporal
characteristics of water yield and runoff and their relation-
ship in regions with scarce data: a case study of Taohe
River Basin[J]. Journal of Water Resources and Water
Engineering, 2023,34(1):58-65.

XA BREE A, 5 AR AL PR R R Pk VAT Il AR It AR
PRI LT ] K H AR FEBFSE L 2020,27(5) :87-92,100.

Liu Z X, Chen X, Guan X X, et al. Attribution of runoff
change in the Taohe River Basin under a changing envi-
ronment [ J]. Research of Soil and Water Conservation,
2020,27(5):87-92,100.

ZEH, IS A AR, A5 1951—2010 45 Pk VT 3 K
XARERAACK B 2 FEAE LT ] KPR £, 2013, 35
(5):1259-1266.

LiC B, Wang S B, Yang LL S, et al. Spatial and tempo-
ral variation of main hydrologic meteorological elements
in the Taohe River Basin from 1951 to 2010[J]. Journal

[10]

[13]

[14]

[16]

[18]

of Glaciology and Geocryology, 2013,35(5):1259-1266.
R ARG W ST E AR (M ] JE s R
G hAt, 1999.
Wei F Y. Modern climate statistical diagnosis and pre-
diction technology [M]. Beijing: China Meteorological
Press, 1999.
Mann H B. Nonparametric tests against trend [J].
Econometrica, 1945,13(3):245-259.
TR, N R, R R T B LT 60 4R K VD AR ALy
i B H R e 3 (7] 1R R, 2024, 36(2) :602-621.
Zhang X Z, Yang L. H, Song X F. Runoff and sediment
load changes in the upper Yellow River and their influ-
encing factors in recent 60 years[ J]. Journal of Lake Sci-
ences, 2024,36(2):602-621.
AR ko =2 AR IR, 5 R /NI K 7
PR R RS R R BT T[], KT i B RS PR 0
2021,30(7):1603-1613.
Xia S Q, Zhang H L., Hao J X, et al. Characteristics of
runoff-sediment rating curves and corresponding driving
factors at Xiaoheba Station on Fu River, Yangtze River
[J]. Resources and Environment in the Yangtze Basin,
2021,30(7>:1603-1613.
Choudhury B. Evaluation of an empirical equation for
annual evaporation using field observations and results
from a biophysical model [J]. Journal of Hydrology,
1999,216(1/2>:99-110.
Yang H B, Yang D W, Lei Z D, et al. New analytical
derivation of the mean annual water-energy balance
equation[J]. Water Resources Research, 2008, 44(3) :
W03410.
EREAE, Fl =8, B, A SH R K RS B
X A2 U A A2 A 18 TR 50 AT« SR AR AR A R Ry
HEEPR R KAL) B4R, 2012,67(3) : 388-397.
Wang S J, Yan Y X, Yan M, et al. Contributions of
precipitation and human activities to the runoff change of
the Huangfuchuan DrainageBasin: application of com-
parative method of the slope changing ratio of cumula-
tive quantity [J]. Acta Geographica Sinica, 2012, 67
(3):388-397.
BT B I SR AR R R OE SO AR il A2 Ak
B AP G AT [T, 5 XBESE,2023,4009) : 1414-1424.
Hu G L, Tao H, Jiao J, et al. Runoff trend and attribu-
tion analysis of the Zhengyi Gorge in the middle reaches
of the Heihe River[J]. Arid Zone Research, 2023, 40
(9):1414-1424.
A TR R LU B K YD 23 2 35 R H I TR G
[D]. 20 - 220 R, 2023.
Wu L. Regional soil and water dynamics and its attribu-
tion analysis in time and space based on basin compari-

sons[ D ]. Lanzhou: Lanzhou University, 2023.



